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ABSTRACT 

The Institute for Mathematical Studies in the Social 
Sciences at Stanford University has operated a three-y/ear 
computer-assisted instruction (CAI) network for hearing-impaired or 
deaf students; the effectiveness of the two main curricula in the 
program, elementary mathematics and language arts, was evaluated. The 
computer network spans the United States and in it£ three years ^as 
involved 5,000 deaf students. The curriculp^ in elementary 
mathematics is divided into strands, serie. ^ related prohlens, and 
the language arts program tries to teach gr*.. atical rules by the 
inductive approach. Groups of students were systematically selected 
for evaluation of the two curricula and received pre* and post-^tests. 
The results showed that CAI could be used successfully by deaf 
students and that gains in mathematical computation two t^o three 
times greater than classroom instruction could be achieved by CAI. 
Furthermore, these gains could be precisely predicted from the number 
of CAI sessions. (WH) 
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INTRODUCTION 

This papor suiDniprizos a t)irt*(vyear project running from 
July Ip 1970 to June 30, 1973, which was concornod with re- 
search and development in coniputer-aissistiHl instruction 
(CAI) ^or heariitg-impaired or deaf studcnt.s. CAI currieu- 
Uirns dovelop<xl by the Institute for Mathonmlieal Studies in 
tho Social Sciences (IMSSS) at Stanford University ^verc 
used by more than 1,000 deaf students during the 1970^71 
school year and by moro thi»n 2,000 deaf students during 
the 1971-72 and 1972-7:5 school years. 

THE STANFORD CAI SYSTEM 

The central processor for the Institute's computer system 
is a Digital E<iuipment Corjwation PDIMO, In addition 
to 250 K of core memory ^ short-term storage of progran:is 
and student iiiformtUion was provided by sixteen 180,000,000- 
bit disk modules; long-term storage of student response data 
was provided by magnetic tape. Communication with remote 
student terminals in participating schools was provide<l by 
private telephone lines. High-speed data transmission (gen- 
erally 2400 or 4800 baud) and time-division multiplexing 
were use<i to communicate with cUisters of 10 or moro student 
terminals. Of the more than 180 terminals connecte<l to the 
Institute system in 1972-73, about 12o terminals could be 
UReil simultaneously with no appreciable detriment to the 
system speed of response Any curriculum eould be run at 
any time on any student terminal. 

Figure 1 shows a map of the United States on which super- 
im|)ostHi lines indicate the network operating in 1972-73. 
As can bo scon, high-speed data transmission to Austin, 
Texas and Washington, D,C. was ased to distribute pro- 
grams in (he southwest and on the east coast. Als<) .shown is 
a direct lino to New Mexico, which supported a similar m- 
slallation at Isleta Pueblo, an Indian reservation approxi- 
mately 20 miles from Albuquerque, New Mexico. 

The student terminals were Model 33 teletypewriters, 
which corrimunicatcd with the central computer system at a 
rate of about 10 characters per second. In a typical schcx)), 
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one room containing 8 to lo student terminals was assigned 
for CAI. Ordinarily one person was chosen by the school as 
the CAI terminal proctor; this same per.^ou was in charge 
of the equipment and the sup< rvi.'^ion of students in the 
terminal room. 

When a :;tudent seated in front of a terminal presses the 
start key, the program resiK>nds by typing 

HI 

PLE.\SE TYPE YOUR NUMBER AND NAME. 

Each student receives a numbcTi which ho inputs together 
Vith his first rmme. He uses the same number for all coursers 
and types a ono-letter identifier as a prefix to indicate which 
course he is nniuesting. 

SUMMARY OF CAI CURRICULUMS 

All CAI curriculums developcni by the Institute were avail- 
able to students in the participating schools for the deaf. 
The curriculums most relevant and most widely used were 
mathematics strands, arithmetic word problem solving, and 
a special language arts course developed solely for deaf 
students. In addition^ a basic English course (available from 
Computer Curriculum Corporation), an algebra course, a 
computer programming coui ^e in All), a computer program- 
ming course in H^VSIC, and a deifuclivc logic and algebra 
course were used on various occasions by a number of stu- 
dents. A quautitativc summary of usage for 1971-72 is shown 
in Table I. 

We give here a brief description of the elementary matho- 
matics curriculum and (he language arts curriculum. 

Elementary mathematics strands 

The objectives of the curriculum were (a) to provide 
supplementary individualized histruction in elementary 
mathematics at a level of difficulty appropriate to each 
student level of achievement , (b) to allow acceleration in 
any concept area in which a student demons trate-s proficiency 
and re|)eatcd drill in areas of deficichcy, and (c) to provide 
a daily profile repoH.of each student's progress through the 
curriculum. 
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,\ strand is a .srrirs of j)r()blf'rn8 of .sarno opcriitiodal 
type (o g-r uumlxT concepts, a{^elit^^>^, suljtraction, fra(-ti<>iis) 
arrangtnl i<('{pirntially iu (uiuivalcnco classes uccording to 
tlu'ir n'lativo tliflicult j'. I ho 14 strruids in the pro^i;rani and 
the Rra{lo levels japanned by each .strand cover the core 
olenietitary-school mathematics cnrriciiiuni. 

A studetjt if J the strands program works on fe\v(T than 14 
strands; the actual tunulur dep< iuls on his K^i^le level and 
performance. Tin- strands approach provides a hfgli degree 
of iiuUvid\mlization becavise each stvuient's Iesi;t)n is prepared 
for him daily by the computer, the lessons are pn^sented as 
mixed drills at a level of diftit t»Uy in oac>i .strand dcterinirjed 
by the student's prior performanci*, and the student moves 
up viwh strand at his own pace. 

Details of the curriculum {\re givi-n in Supp(\*5,^ 8uppcs> 
Goldberg, Kan2, Searle, and Stauffer^^ and iti Searle, Ivorton, 
and ^5Uppes.* 

Lnnguwje arts 

After carefully considering the language difficulties of 
hoaring-impair<xl students, wo designed the language arts 
curriculum U> stress the structure of Knglislij with particular 
emphasis on the role^^ of syntax atid inflection and on the 
meaning of function words. An inductive rather than a de- 
ductive strategy was u$e<i. 1"he co\irso d(X^s not explicitly 
state 'rules' of Knglish usage, rather it presents items illus- 
trating aspects of standard Knglish usage singly and irj com- 
bination. Incidental learning of basic sentence patterns is 



enhaiiced by pr(\<ent!rig eurriculum items in complete sen- 
tences. 1' ewer than one-tenth of the exercisers |)resent the 
.student witli single words or isolate(! phrases. Iticidental 
learning is also eTjhance<l by requiring many constructed 
rather than muUij)lc*-choice responses. 
Theff^ are four g(^nera! course objectives. Students are to: 

(1) Uecognize specified grammatical categories; 

(2) Recognize and supply various forms of given grammat- 
Lai structures; 

{'>^) Select ai)pro[)riat(^ /rrtrnmatical uiiits to complete a 

specified structure; and 
(4) Perform specified transformations on grammatical 

structures. 

The ciirricuhun is dividal into 218 lessons of 20-30 exer- 

TAiU/K 1 -Iniflilule C.M Curriculuras hy Piirliciputing Schools 
for the Deaf. 1071-72 



Curriculmn Nuinhcr orstiKlenta 



Klcmcntary MathematiM (Stratids) 2UG 

Arithrnctte \Vorcl IVohlem Solving 107 

Language Arts 1071 

Algebra »3 

Hafic Knghsh 1C5 

Computer iVogramming in AU) 93 

Computer Program muig in HASIC 124 

Logl 0 ftnd Al^eh ra 216 
Total Students 2270 
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cLsos. S<»paralp topics aro pros('iiti d ii\ srparato lessons aiul 
vUvn iUvTc Is a M'fpirnoc of Jrs,^f)ns on a ?^ingl(» in\>k\ Tho 
loissons arc ordrr<Hl to provide a cuiiudativr I)asl8 uf coiu'('pts 
huildinf^ upon oiif aiiothrr. Sovorul l(W)iis rcvifw topics 
prcscDtrd in prmnJing Jr.s<ons. 

The Course uas d(*scril>rd in detail by Mitclier and Heard/ 
I'letcher. Janusoh, iScarl*s and iSrnith,^ and ]-Ietcfn^r and 
StautTer.« 

It .4u)\ild be e:npha.<iz«xl that tlit^ jv twork was primarily 
dovelo ^(h1 to bring elementary niatlu'inatics atul language 
iwia to deaf students. U.se of llie other courses was on an 
optioiial and relatively infreqiietit basis in rvhtion to the 
total number (jf .students, ))Ut the network was ftexible 
enough to provide additiotuil work for students \vh(j wanted 
it, ranging from a secondary-school course in l*]nglish to 
computer programming. 

VALUATION OF AC:HIKVKMi:XT 

During the course of the three years of the project a 
riurubcf of deiailv<l Mudics were undertaken to measure the 
achievement of students Using tho CAI courses. We sum- 
marize here the two main studies ilealing with achievement 
in the elementary mathematics strands curriculum and in 
the language arts curriculum. 

Malhemalics slranils erperiment 

The puriK)se of the cxporiment was to measure the effect 
of varying nun:ber.s of math(^n)afics strands sessions on 
arithmetic computation grade placement (OP) ineasunxi by 
the strands curriculum and by an on-line, computer-ad- 
n^inistered viTsion of the Stanford Achievemer\t Test (SAT) 
Arithmetic Computation subscale. This on-line version of 
the SAT was call(\i the Mixlified SAT or MSA1\ Construc- 
tion and administration of the MS AT was detaiUxi by Suppos^ 
I'Jetchor, ^ianotti, r/>rton, and Searle.^ Each student was 
allowed to take; only a specitie<l number of niatboniatics 
sc^iissions at the terminal. All other sign-ons were sp(^nt work- 
ing language arts Iess4)ns, 

Thre<' bundre<i eighty-five students from annng those who 
were taking both CAI mathematics strands and CAI lan- 
guage arts, whose average GP on strands was between 2.4 
and 5.9, and who had taken at tea.st lo matlicmatics strands 
scijsions, b(^ari the experiment. The students selected were 
assigned at random to five experinu^ntal groups that differed 
in I ho maximum number of mathematics strands sessions 
Ihcy permitted during the experimental period of approxi- 
mately 70 school days. Treatment groups 1, 2, 3, 4, and 5 
were assigned 10, 30,70, 100, and l.'K) sessions, respect ivcly» 

Session limits were imfwscd on a calendar basiis so that 
students Willi low mmibers of scissions received them dis- 
tributed throughout the experimental pcrifxb A participating 
studeiit had no control over whether he reoeivxxl a rnatho- 
matics strands or language arts lesson. Whether ho signcxl 
on for mathematics strands or language art.s a student was 



given a mathematics strands lesson if he was ( ligible for one. 
Otherwise, he ree('iv(<l a liinguage ari.s lesson. 

Five n\(jdels werr testeii to study the rclationshi]) biMween 
the two indopendi^nt variables of [)relrcatm(Mit seorrs and 
the nutnber of matlicmatics strands sessior\s on tin* one hand 
at:d the depnulera variable of posttrcatment scoves (^n the 
otlier. We tested a linear regrrsi^ion mo(iel in the (wo de- 
p( rulent variabh^s, a linear regre^^^ion n\odel w ith an inter- 
action term between the two indepciidi nt variabli\s, a inuhi- 
plitative Cobb- Douglas model of econon\(^tric type, a log- 
(|Uadratic model in two it\ilepi'nd(Mit variabies, and an 
r.vpotieritral mfxie! la f)te two /nde[)endefit vanai>les. I^etailed 
results are i.ot sununariz(Mi here. 

Parameters for the hvc modfis wore gi^nerated twice, once 
usit^g niathtMuaucv^ strands aViTage 01* as pretr(^atment and 
posttreatrnent achicwment mea.sures and once usingMSAT 
01* scores. The linear model with interaction accountod for 
more of the varianc(^ in the di'p( ndent variable (posttreat- 
ment average 0[») than did any of tlie other n^odds, l>ut 
despite the inclusion of a term for the interaction of number 
of sessions with pretreatmcnt 01', it ropresente<l only a slight 
injprovement over the simple linear niodeh Assuming 
120 or slightly less than one session per day for a school 
year and taking aj-.0123 from the linear model, we can 
project 7\»-Tii= 1.48, That Is to say, if a student from this 
population take^ about one strands session per day for an 
entire school year, we can expect his strands average OJ' to 
in^'reasc by about a year and a half. Data present(\l later 
show that .strands average GP underestimated both 01' 
mea-sured by paper-and-pencil administrations of tlto SAT 
and OP n'jeasurtKi by the MS AT. This improvement of 1.48 
can be compared with an expected OP increase over a school 
year of .3 to .4 In the SAT computation subtest for hcaring- 
impairtMl studtMits receivirjg ordinary instruction.' 

Among the tnmh'ls and i)arametcrs using MSAT OP as 
pretreatment and posttreafmeni n;easures, the nniitipliea- 
tivo model from econometrics that assumed weigh t(xl inter- 
action of number of S(>;sions with pretreatment OP accountai 
for more of t}ie variance in th(! |K)sttreatnvent n^oasuro than 
dill any other model, b\it, as wUh stranda avtTjige OP, it 
rcprescntixi only a slight improvemetit over Mmlel I, the 
simple linear model. Again, assuming iVi~120 and taking 
<ia==.0084 from the Unear model, we caii project Tit—Ti\=' 
1.01. That is to siiyj if a student from this p(ij)ulation takes 
about on(r strands session per day for a school year of 120 
net days, we can expect his MSAT OP to increase by about 
one year. Roughly, we can expc^^t an increase of ,1 in MSAT 
Gl* for every 12 sessions taken, 

Suppes^ Fletcher, Zanolti, Lorton, and Searlc' concludetl 
thftt the mathematics strands CAI curriculum can lead to 
substantial inercasrs in mathematics computation GP when 
used by hcaring-impairod students. The hicreases arc Ruffi^ 
cicnt to bring the students to GP gains expected of normal- 
hearing students. Moreover^ these gains can bo achicve<i by 
students working hi tensely for only a few minuter a day in 
a supplementary drilband-praciice program. The time spent 
at a computer terminal by each student ranged fron^ 6 to 10 
minutes for each se^^sion. 
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In addition, Suppoi*, Fletcher, Ziuiotti, l/orton, and Soarlo' 
Cfincluded that a simple linear model of stud(*nt achievenuMit 
gives a good account of t)ie posttreatnu nt distribution of GP 
m^asuroil either by the AfSAT or by the .strands OP. The 
Investigation of other models, including models with inter- 
action terms, did not lead to any substantial improvement in 
accounting for ix)st treatment OP varianco. The results of 
the analysis, including the application of the linear model, 
hidicato that greater numbon^ of CAI i?es.sion,s are beneficial 
for all students, acrosjj all levels of i)retreatment achievement. 

Language arts e/periment 

This experiment wa.s analogous to the mathematics strands 
experiment tlescribe<i by Suppes, Meteher, Zanotti, Ivortoi;, 
and Searle.' Kach student was allowed to take only a specified 
number of langiiago arts sessions. All (^ther sign-on.s were 
spent working mathematics strands sessions. 

Two himdrcil thirty students from among those who were 
taking both CAI mathenuitics strands and CAI language 
arts in U>72-73 were solecte<l for the experiment, and were 
assigned at random io one of five experimental groups that 
differeil in the maximum number of 10-minute language arts 
sessions they permitted. Students assigne<l to groups J, 2, 3, 
4, and .5 were permitted 20, 70, 0'}, and 120 sessions, 
respectively. The subjects were selected from stvidents in the 
California School for the Deaf, J^erkeley, California; the 
Oklahoma Scliool for the Deaf, Sulphur, Oklahoma; and the 
Texas School for the D(>af, Austin, Texas, Hand(;m assign- 
ment of these subjects to the five treatment groups Wis 
stratified so that roughly the same number of stud(^nts from 
each school could be assigned to each of the treatment groups. 
When the experiment began, 45 stutients were assigned to 
group 1, 4G were a.ssigned to group 2, 4() were asi<iigned to 
gnnip 3, 47 were assigne<l to group 4, and 40 were a.ssigniKl 
to group 5. Or\e-way, fixed-effects analysis of variance and 
five models of student progress were used to investigate 
student performance at the end of the 80-school-day experi- 
ment period. Tlie five models of student progress investi- 
gated were the same as those used in the mathematics strands 
experiment. 

The assistance of teachers and proctors was sought to help 
students achieve the number of language arts sessions they 
were assigned. Teachers wi re urged not to gjve compensiitory 
off-line work to those students assigned to low numbers of 
on-line ses.^ion.s, and, in general, not to alter the clas.<room 
work of any student becaiise of his participation in the experi- 
ment. 

Fletcher and Beard* reported that ccmiplete data were o!>- 
tainetl m 197 subject.^. However, 46 of the^sc subjects had 
received 100 or more sessions in 1071-72 and these subjects 
were removed from the exjx'riment prior to any data analyses 
which were then pt^rforme*! on the lol remaining subjects. 
In the analysis of variance there were 33, 27, 20, 33, and 32 
subjects* in treatment groups 1, 2, 3, 4, and o, respectively. 
Students in groups I, 2, 3, 4, and 5 received an average of 



22, 40, 00, 88, and IOC sessions, respectively. These averages 
were lower than expected for groups 3, 4, and 5, but the 
treatment groups ai)peared sufhciently distiiict to procmi 
with analysis of variance. The F-ratio for this analysis was 
not statistically significant, indicating that the range of 
sessions considered did not have a significant efTect on post- 
test scores. The paper-and-pencil language arts test developed 
by the project appeared to be reliable and fairly valid, The 
correlation between pretes''- and posttest scores on the test 
was .910 with an F-ratio for significance of regression be- 
yond p<.01, and the correlation between jKjsttest scores 
and number of lessons con>pIeted was .045 with an F-ratto 
for significance of regression beyond p<.01. 

Models I, II, III, IV, and V acco\mt«l for 83 percent, 
83 percent, 00 percent, 83 percent, and 33 percent, resp<T- 
tively, of posttest score variance. The only model to which a 
term that included a nieasure of sessioris taken contributed 
significantly was Model V. In all other models the ordy sig- 
nificant independent variable was th<> pretest score. An addi- 
tional model, Model \' I, was investigated. This model was 

the form 

where T2 refers to jxxsltest score, 

Ti refers to pretest score, 

refers to number of sessions taken, 
// refers to number of lessons completed, 

and :io, a?, and aj are parameters of the model. Model VI 
accounted for 85 percent of the variance in {>osttest scores. 
Both sessions and lessons, h\ addition to pretest scores, con- 
tributed significantly (p<.01) to the model. However, the 
regression coeiHcient in Model VI for number of sessions 
taken was negative, indicating an inverse relationship be- 
tween rum)b< r of sessions taken and poi,t test scores when 
number of lessons completed was taken into account. 

I'ietcher and Heard^ concluded that the course is of sig- 
nificant value to students whose ratio of lessons completed 
to .ses.sions taken is high but of nuieli !<>ss value to students 
whose ratio of lessons completed to sessions taken is low. 
The relation.'^hip between sessions taken and posttest scores 
was concluded to be more complex than anticipateti. 

Language' arts item analysis 

Fletcher and Beard< rej>orted .several results from their 
item analysis of the language arts curriculum that are not 
widely noted in the literature on deafne^?s. 

First, the "direct ions'Messons were far ea-sier than antic- 
ipated, given the general impression among deaf educators 
that deaf students experience difhculty h\ following direc- 
tions. Some reasons for thi^ result may be that tlie directions 
in these Jassons and in the currfculum were easier to follow 
than those given in cia^ssrcwm instruction, that tlie directions 
given in the languages arts CAI were more clearly communi- 
cated to students than the directions given in classroom 
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instruction, and that deaf studonts liavt* dKllcuUy follow- 
ing directioiis than generally i;u|)|X)i<ed. More re.Siiirch is 
required to decide atnong these alternativen. 

Second, although pronovnis were generally far easier than 
anticipated, ilon^,s on possessive pronouns were extremely 
diflieult for the ^students. Speciiically^ [possessive pronour^s 
that differ ia munhor (his boxes, their box) and 'or gender 
(his sister^ her husband) from tfie nouns they modify were 
seldom completed correctly. 

Third, copulas joining subjects with predicate comple- 
ments that differ in number from their subjects were v(Ty 
tlifticult for the stud(nUs. Copulas for items such as the 
following: 

The house (is, are) blue and white. 
The girls (seem, soenis) lonely. 

were seldom completecl correctly. 

Fourth, the students had very littU^ trouble with contrac- 
tions with the exception of "I'm/^ which was far more 
difficult than anticipatefl. 

conx:lusioxs 

We bcgAu this project with the conviction thai wc had a 
powerful instructional tool at our dis|>osal. Our aims were 
to demonstrate that CAI could bo used to advantage by 
deaf students, that it could support serious research in deaf 
education^ and that a favorable argumerU could be made for 
the economics of CAI. IJehind these aims was the general 
intent of initiating largo-scale u.se of CAI m schools for the 
deaf. To sf>me extent we successfully met each of these aims. 

It seems reasonable to conclude that C.\I can be used 
successfully by deaf students. We did not set out to apply 
CAI to all of deaf inJucation; we attempted only what we 
coidd do well. The curriculums concent rate<l on th<! .«kill 
subjects <if msthematics and language arts, and, within these 
subjectSi we emphasiiiod asj)eets (hat were most amenable 
to computer presentatioti. Under these constraints we 
achieved favorable results. Certainly, the gains in mathemat- 
ics computation ability that were two to three times greater 
than those expected from classnKnn instruction and the 
precivsion with which GP increase could be pre<licted as a 
function of CAI .sessions are notable. 

VVe also concluded that CAI provides a siibstantial founda- 
tion for research on the f)roblems <ind processes of deaf 
Cflucation, The range of ri^earch undertaken by this project 
LareJy represents the diversity of inquiry that can be !:;up- 
{wrted by CAI. The unobtrusive and precise control over 
expertmetital conditions made possible by coJtiputer pre*senta- 
tions, as well as the accuracy and speed of computer arith- 



nutie ni\d data retrieval, permits a wide spectr\im of ex per i- 
n\erktal pus^sibilities that we liav(» only begun to explore. 

Th(^ major drawback of CAI, iuiwever, Is its eo^t. Con\- 
puters roqain* a sizable commitment of fu!uls, both for 
ac(piiring capital erjuipnu^nt arul for maintaining operations. 
Fortunately, the steady increase in the quality of available 
CAI is matcluxl by a steady diK rcaso \n its costs. In the mtd- 
19r>0\s, when CAI first became available, it c ist about $40 
fx^r student contact hour. Currently, CAI olTenxl by tlie 
IMSSS system costs $L50-$2,50 per stud(>nt contact hour, 
depending on communication expenses. For the inunetliate 
future we can expect continued decreases in the costs and 
continued increases in the quality of CAI. 

The proof of this project is in its impact on deaf c^Jucati(;ri. 
Specifically, the willingness of *he participating schools to 
support CAi from their own funding sources is the ultimate 
test of the project's iaipact. To date 13, of the 1.') schools 
that participated in this project have connnitted funds to 
continue their CAI activity in 1073-74. The two remaining 
schools have not decides.! what CAI implementation alterna- 
tive to adopt. Two schools that rec<'ivc^ no CAI from this 
project will bo added to those KUpiK)rting CAI in one netsvork 
that directly resulted from this project. We expect the growtli 
of CAI in schools for the deaf to continue. 

iikffukxcf:s 

1. Sup pes, v., "Computer-a.s.siste<i liisiruttiori for Deaf .StiMlentj?/' 
Americaji AnrmU ofihe Deaf, 1971, lie, pp. 500-,m 

2. Snppcs, v., A. (SoMborK, G. Kf\nz, U. Seurle ami C. Stauffer. 
T€acher*ii Handbook for CAI Cour^em, Tech. Hep. No, 178, Stanford, 
Catifornifi, Institute for Mathematical Studies in the Social Scieaccs, 
Stanford V^nivet>jty, 1971. 

3. Softtle, IV W., P, liorton, Jr. and V. Suppes, Structural VariaUes Af^ 
feeling CM I'erformnnce on Arith7nelic Word ProhUmn of DUnd- 
mnlagtil arui Dmf Studenln, 'IVh- Hff). No, 213, Stanford, Call- 
fornix. Institute for Matheniaticid Sliidic« in the Social Sciences, 
Stanford ITniversity, 1973. 

4. Fletcher, J. I)., and Nf. H. Heard, Cofnputer'as.itsle<i Instrnction in 
Lfinguftge Arts for }l€aring-im}xiir€d Siwienla, Tcvh, Ucp. No, '215, 
Stanford, CuUfornia, Institute for NJathenmticul St'idics in the 
.S<icia! Sciences, Stanford l/niver!?ity, 1973, 

5. Klotcher, J. I)., 1). T, Jatnmn, B. W. Scarle and H. I., Smith, 
CotHputer'nasiMcH ha^truclion for the Deaf at Star^ford Vniieraity, 
VHOh Annual Kept,, Stanford, California, Instilutc for Mathe- 
matical Studies in the Social Scienre.s, Stanford University, 1073. 

0, Hetchcr, J, l>., arid C NJ, SlaufTer, "I>carning Tanguagc by Com- 
puter,*' The VoUa /?«m>u\ 1073, 7.5, pp. 302-31 1, 

7. Supi>f?^, P., J, 1). Fletcher. M. Zanotti, P. V. Ixjrton and IJ. W. 
SeaHe, Emlualion of Compuler-ai^HU'^led lnstr\ieiion in Klerneninrjf 
Molhetruitics fcr flcaring-impaircd ^/U(icn^^, Tech. Hep. No. 200, 
Stanford, California, Institute for Mathematical Studios in the 
Stjclal Sciences, Stanford Univer-dly, 1973, 

S, Oentile, A , and S. I)i Francest^a, Acndemit AcKievemenl Tcdt Pet" 
fonrumce of Hearing* unpaired Studtnlff, Scries l>, No, 1, Washing- 
ton; I ).G., Office of I leinogrn phi c Studies, 10G9. 



